84
Although it is accepted that dietary β-glucan exerts immunomodulatory effects in fish,
85
their mechanism of action has not been uncovered. When included in feeds containing 86 multiple ingredients, it would be difficult to single out the mode of action of β-glucan.
87
Therefore, an oral intubation study with a purified beta 1,3/1,6 glucan product was performed
88
on Atlantic salmon to precisely examine the ensuing intestinal stimulation. The recognition of 89 the molecule by the receptor genes (sclra, sclrb, sclrc, cr3) and the downstream signalling 90 based on gene transcriptional changes (of srckin, ksyk, myd88, mapkin2, il1b, mip2a, igt) were 91 studied. The changes in the proteome and the micromorphology of the intestine were also 92 considered to obtain a better understanding of the physiological processes at the molecular 
Preparation of the β-glucan suspension

108
The commercial product MacroGard ® containing highly purified beta 1,3/1,6 glucans from
109
Saccharomyces cerevisiae (Biorigin, Lençóis Paulista, Brazil) was employed in the study. An 110 appropriate amount of the product was suspended in 5 ml of sterile phosphate-buffered saline
111
(PBS), and sonicated (Vibra-Cell VC 750, Sonics and Materials Inc., Newtown, USA) for 3 112 min at a pulse rate of 20 s. The resulting suspension was employed for intubating the fish. 
Oral intubation of fish
114
The oral intubation study was conducted on 2 groups of fish, which were starved for 2 days 115 ahead of the procedure. The beta 1,3/1,6 glucan-intubated fish (at the rate of 15 mg/kg fish)
116
constituted the treatment group (NL), while the PBS-intubated group served as the control 117 group (CO). To perform the intubation, individual fish were netted out from each tank and 118 sedated using MS-222 (Tricaine methane sulphonate; Argent Chemical Laboratories,
119
Redmond, USA; 80 mg/l), approximately 4 min prior to initiating the intubation process.
120
After ensuring that the fish were sedated, each fish was intubated with 500 µl of either the 121 beta 1,3/1,6 glucan suspension or the saline using a Buster Cat Catheter 1.3 x 130 mm (Jorgen M A N U S C R I P T
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6 allowed to recover from sedation. Then, they were transferred to the original holding tanks for 124 the rest of the experimental period (7 days).
125
Intestinal tissue collection
126
At 1 and 7 days post intubation (dpi), 10 fish each from the study groups CO and NL were 127 sampled to isolate the entire distal intestine. On the basis of the observations in the gene expression study, the comparisons of the 170 intestinal protein spots were performed on the samples procured at 7 dpi. The protein extracts 171 from the distal intestine of the CO and NL groups (n = 6 from each group) were used to 172 perform 2-dimensional gel electrophoresis (2-DE). The proteins were extracted following a
slightly modified version of the procedure described earlier (Vasanth et al., 2015 
Examining the micromorphologic changes
196
The portion of the distal intestine for histology was fixed in 4% neutral phosphate buffered The mRNA levels of the three CLRs in the distal intestine of salmon that were orally 229 intubated with the β-glucan product were analysed. Interaction between the two factors
230
(treatment X time) was detected (p<0.05) only in the case of sclrb. At 7 dpi, sclra, sclrb and 231 sclrc were significantly (p<0.05) higher in NL group, compared to the values in CO (Fig.1 ).
232
Furthermore, sclrc was higher (p<0.05) in NL group even at 1 dpi. sclra and sclrb levels in
233
CO were lower (p<0.05) at 7 dpi compared to the respective values at 1 dpi.
234
In the case of cr3, an interaction of treatment and time was not evident. At 1 dpi, the 235 mRNA level of cr3 was significantly (p<0.05) higher in NL compared to that in CO.
236
Furthermore, cr3 in the two groups were higher (p<0.05) at 7 dpi compared to the respective 237 values at 1 dpi.
238
A significant interaction (p<0.05) between the treatment and time was not detected for 239 ksyk, and srckin ( Fig. 2) . At 7 dpi, the levels of ksyk was significantly (p<0.05) higher in NL 240 compared to the level in CO. The values in CO and NL were significantly (p<0.05) higher at 241 7 dpi compared to the respective values at 1 dpi.
242
Significant differences were not detected for myd88 (p>0.05) (Fig. 3) . Interaction (p<0.05)
243
was evident for mapkin2, and the level of the gene in NL was significantly (p<0.05) higher 244 than that in CO at 7 dpi. Interaction between the factors was evident (p<0.05) in the case of 245 il1b. At 7 dpi, il1b and mip2a were significantly (p<0.05) higher in NL compared to the levels 246 in CO (Fig. 3) . Furthermore, the level of il1b in CO at 7 dpi was significantly (p<0.05) lower
than the value at 1 dpi. The mRNA levels of igt was significantly (p<0.05) upregulated in the
248
NL group compared to the CO group, at 7 dpi (Fig. 4) . 
Changes in intestinal micromorphology caused by the β-glucan 258
The normal structure of the distal intestine was evident from the intestinal photomicrographs. number of goblet cells in the NL group compared to the control fish (Fig. 6a, b) , and they
348
were distributed throughout the villi of the distal intestine.
349
The mechanisms of the actin-dependent uptake of microbial particles, including those of . apoa4 as well as apoa1 were higher in rainbow trout,
378
Oncorhynchus mykiss fed on a carbohydrate-rich vegetable oil diet (Kamalam et al., 2013) .
379
Additionally, the beta 1,3/1,6 glucan appears to be associated with a high energy demand.
380
Creatine kinase isozymes including testis isozymes (CKT), are involved in ATP binding and Giugliano, F.M., Murino, P., Manzo, R., Cappabianca, S., Muto, P., Ravo, V., 2013.
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Preventing the acute skin side effects in patients treated with radiotherapy for breast cancer:
434 the use of corneometry in order to evaluate the protective effect of moisturizing creams.
435
Radiat. Oncol. 8, 57. β-Glucans activate both Dectin-1 and NLRP3 inflammasome in human macrophages. J.
455
Immunol. 184, 6335-6342. 15 mg/kg fish (NL). The two gels were prepared employing the samples procured at 7 dpi.
568
Intestinal proteins from the fish were isoelectrically focused on 17 cm IPG strips (pI 3-10)
569
and were subjected to 12.5% SDS-PAGE. The 2-DE gels were stained with Sypro®Ruby 570 protein gel stain and the spots were annotated using the data from LC-MSMS. The spot 571 numbers in the gels correspond to the protein identities mentioned in Table 3 . Table 1 List of primers used in the present study Gene name Sequence (5'-3') M A N U S C R I P T were generated using the samples collected at 7 dpi. Figure 7b 
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